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(57) ABSTRACT

A lead-free conductive paste composition includes silumin
powder, lead-iree glass frits, an organic binder, stearic acid
zinc, and aluminum powder.
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LEAD-FREE CONDUCTIVE PASTE
COMPOSITION

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This application claims priority of Taiwanese application
no. 099146910, filed on Dec. 30, 2010.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a lead-free conductive paste com-
position, more particularly to a lead-free conductive paste
composition used to form a back electrode of a solar cell.

2. Description of the Related Art

At present, a back electrode of a solar cell, particularly
poly-silicon solar cells, 1s formed by screen printing and
firing a conductive paste, €.g., an aluminum paste or a silver
paste, on silicon waters. Due to different thermal contraction
between the silicon water and the conductive paste, a bowing,
phenomenon would likely occur after a high-temperature
firing process.

Chinese patent application publication no. 1877864 A dis-
closes a conductive slurry composition and a method for
producing the same. In this application, the conductive slurry
composition includes aluminum powders, a modified organic
binder, an morganic binder, and glass metal powders. Since
the aforesaid glass metal powders contain up to 50 wt % of
lead oxide, the composition does comply with the EU RoHS
Directive.

US patent application publication no. 2010/0059116 Al
discloses an aluminum paste comprising particulate alumi-
num and an organic vehicle. The particulate aluminum
includes 30 to 90 wt % of spherical-shaped aluminum powder
and 10 to 70 wt % of nodular-shaped (irregular-shaped) alu-
minum powder. Although, in this US patent application, the
solar cell has reduced bowing phenomenon, due to the pres-
ence of the irregular-shaped aluminum powder, the packing
density of a back electrode made from the aluminum paste 1s
relatively loose, and the fill factor of the solar cell containing
the back electrode 1s relatively low.

SUMMARY OF THE INVENTION

Therefore, the object of the present invention 1s to provide
a lead-free conductive paste composition for reducing bow-
ing phenomenon of a solar cell when the lead-1ree conductive
paste 1s fired to form a back electrode of the solar cell.

According to this mvention, a lead-free conductive paste
composition comprises silumin powder, lead-free glass Irits,
an organic binder, stearic acid zinc, and aluminum powder.

A method of producing the lead-free conductive paste
composition of this invention includes the following steps.

First, the lead-free glass irits are prepared by mixing
Al,O5, S10,, ZnO, B,0,, BaO, and B1,0, at an appropriate
rat10, and by air smelting the aforesaid mixture to obtain a
homogeneous molten mixture, followed by water-quenching
and grinding.

Then, a mixture of aluminum and silicon at an appropnate
ratio 1s smelted to give a homogeneous molten mixture, fol-
lowed by atomization to give the silumin powder.

Finally, based on the total weight of the conductive paste, 2
to 4 wt % of the silumin powder, 2 to 3 wt % of the glass 1rits,
21 to 23 wt % of the organic binder, 0.2 to 0.5 wt % of stearic
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acid zinc, and the balance being the aluminum powder are
mixed to give the lead-1ree conductive paste composition.

BRIEF DESCRIPTION OF THE DRAWING

The above and other features and advantages of the present
invention will become apparent in the following detailed
description of the preferred embodiments with reference to
the accompanying drawing, in which:

FIG. 11s a flow chart thatillustrates a method for producing
the lead-free conductive paste composition of this invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PREFERRED

The present ivention relates to a lead-free conductive
paste composition for a solar cell including silumin powder,
lead-free glass irits, an organic binder, stearic acid zinc, and
aluminum powder.

Preferably, the lead-iree conductive paste composition of
the present invention includes, based on the total weight of the
conductive paste composition, 2 to 4 wt % of the silumin
powder, 2 to 3 wt % of the lead-free glass frits, 21 to 23 wt %
of the organic binder, 0.2 to 0.5 wt % of stearic acid zinc, and
the balance being the aluminum powder.

Based on the total weight of the lead-free glass irits, the
lead-free glass irits include Al,O,, S10,, ZnO, B,0,, BaO,
and B1,0,. The proportion of the atoresaid components 1n the
glass Irits 1s not strictly limited. Preferably, the lead-free glass
trits include, based on the total weight of the glass rits, 0.1 to

3wt % ol Al,O4,3to 10 wt % 01 S10,, 1210 15 wt % of ZnO,
710 10 wt % o1 B,0O,, 0.1 to 3 wt % of BaO, and the balance
being B1,0,.

Based on the total weight of the silumin powder, the silu-
min powder includes 12.6 to 99.9 wt % of silicon and the
balance being aluminum powder. The silumin powder 1s used
to effectively reduce the bowing problem of the silicon water
attributed to volume changes when a conductive paste 1s
screen printed and 1s then fired at a high temperature to form
the back electrode.

Based on the total weight of the organic binder, the organic
binder includes 1 to 4 wt % of polyvinyl butyral (PVB), 3 to
6 wt % of ethyl cellulose (EC), 5 to 30 wt % of butyl carbitol
(BC), 20 to 45 wt % of butyl carbitol acetate (BCA), and the
balance being terpineol. It should be noted that, since the
aforesaid components of the organic binder do not effectively
influence bowing problem of the silicon water, the propor-
tions thereof can be decided based on actual requirements for
cach factory.

The aluminum powder 1s spherical 1n shape and preferably
has an average particle diameter ranging from 3 um to 8 um.
With the regular spherical-shaped aluminum powder, the
packing density of a back electrode made from the conductive
paste composition of this invention and the fill factor ofa solar
cell containing the back electrode can be improved.

FIG. 1 shows a method for producing the lead-free con-
ductive paste composition of the present mnvention.

First, a mixture containing Al,O,, S10,, ZnO, B,O,, BaO,
and B1,0; at an appropriate ratio 1s smelted 1n air at a tem-
perature ranging from 900° C. to 1100° C. to form a homo-
geneous molten mixture, followed by water-quenching and
orinding, thereby obtaining glass irits.

A mixture of aluminum and silicon at an appropriate ratio
1s smelted to form a homogeneous molten mixture and 1s
atomized to give silumin powder with an average diameter
ranging from 35 um to 50 um. More specifically, the mixture
of aluminum and silicon 1s smelted using a vacuum induction
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melting furnace or a vacuum arc melting furnace at a tem-
perature ranging from 1500° C. to 1650° C. and a pressure
lower than 10~ torr so as to obtain the homogeneous molten
mixture. The homogeneous molten mixture 1s then atomized
by impacting the same using an inert gas such as argon or
nitrogen gas at a pressure of 20 to 30 atm to give silumin
powder. The silumin powder 1s then cooled by natural cooling,
at room temperature or by blowing the same using highly-
pressurized argon or nitrogen gas at a pressure of 20 to 30 atm.
The silumin powder 1s then ground and sieved to obtain the
powder having an average diameter ranging from 335 um to 50
L.

The lead-free conductive paste composition of the present
invention 1s obtained by mixing the silumin powder, the glass
trits, the organic binder, stearic acid zinc, and the aluminum
powder at an appropriate ratio. Preferably, the organic binder
contaiming PVB, EC, BC, BCA, and terpineol 1s preheated at
a temperature ranging from 80° C. to 100° C. waith stirring,
followed by mixing with the silumin powder, the glass irits,
stearic acid zinc, and the aluminum powder. The mixture 1s
then ground and dispersed using a 3-roll kneader to give the
conductive paste composition.

The conductive paste composition of this invention con-
tains no lead and thus meets the EU RoHS Directive. More-
over, with the silumin powder, the bowing problem of the
silicon waler resulting from volume changes can be eflec-
tively reduced.

EXAMPLE 1

Based on the total weight of glass frits, 2 wt % of Al,O,, 9
wt % of S10,, 13 wt % of ZnO, 8 wt % of B,O,, 1 wt % of
BaO, and the balance being B1,0, were well mixed 1n a mixer
and were poured 1nto a platinum crucible. The mixture 1n the
platinum crucible was placed 1n a heating furnace at 950° C.,
and was then kept for 10 minutes after all oxides contained 1n
the mixture were smelted completely to ensure that a homo-
geneous molten glass mixture was obtained. The molten glass
mixture was quenched with water, and was ground to obtain
the glass irits having a size less than 10 um.

Based on the total weight of silumin powder, 75 wt % of
silicon and 25 wt % of aluminum respectively obtained from
silicon and aluminum briquettes with 99.99% purity were
disposed 1n a crucible of a vacuum induction melting furnace.
The furnace was evacuated to reduce the pressure therein to
less than 107" torr, and was heated to 1600° C. The silicon and
aluminum were smelted completely at this condition, and
after 10 minutes, a molten silumin mixture was thus obtained.
The molten silumin mixture was well mixed using a magnetic
stirring device.

The molten silumin mixture was atomized by impacting
the same using nitrogen gas at a pressure of 20 atm to give
silumin powder, followed by cooling at room temperature.

Based on the total weight of an organic binder, 2 wt % of
PVB, Swt% of EC, 25 wt % of BC, 25 wt % of BCA, and the
balance being terpineol were mixed at 85° C. to give a clear
and homogeneous organic binder.

Based on the total weight of a lead-free conductive paste
composition, 2 wt % of the silumin powder, 2 wt % of the
glass 1rits, 23 wt % of the organic binder, 0.5 wt % of stearic
acid zinc, and the balance being the spherical-shaped alumi-
num powder with 99.8% purity were well mixed 1n a mixer
tor 40 minutes, and were then ground and dispersed 1n a 3-roll
kneader to give a lead-free conductive paste composition
having a particle size of less than 10 um.
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EXAMPLE 2

The method for preparing the lead-free conductive paste
composition of Example 2 was similar to that of Example 1.
The differences are described below.

In Example 2, the glass frits were composed of 1 wt % of
Al O, 4 wt% o1 S510,, 14 wt % of ZnO, 9 wt % of B,O,, 2 wt
% of BaO, and the balance being B1,0,, and were heated at
1000° C. 1n a heating furnace. The silumin powder was com-
posed ol 55 wt % of silicon and 45 wt % of aluminum, and the
pressure of the nitrogen gas used for atomizing the molten
silumin mixture was 28 atm. The atomized silumin powder
was cooled by blowing the same using 28 atm of nitrogen gas.
The organic binder was composed of the components includ-
ing 3 wt % of PVB, 4 wt % of EC, 10 wt % of BC, and 40 wt
% of BCA, and the balance being terpineol, and the compo-
nents were mixed in a container at 95° C. The lead-free
conductive paste composition of Example 2 was composed of
3 wt % of the silumin powder, 4 wt % of the glass frits, 21 wt
% of the organic binder, 0.2 wt % of stearic acid zinc, and the
balance being the spherical-shaped aluminum powder.

COMPARAIIVE EXAMPLE 1

The method for preparing the lead-free conductive paste
composition of Comparative Example 1 was similar to that of
Example 1, except that silumin powder was not included 1n
the lead-free conductive paste composition of Comparative
Example 1.

COMPARAIIVE EXAMPLE 2

The method for preparing the lead-free conductive paste
composition of Comparative Example 2 was similar to that of
Example 2, except that silumin powder was not included 1n
the lead-free conductive paste composition of Comparative
Example 2.

| T'est]

The lead-free conductive paste compositions in Examples
1 and 2 and in Comparative Examples 1 and 2 were used to
form back electrodes on poly-silicon wafers so as to obtain
test waler samples A to D, respectively. The method for
making the test water samples A to D 1s described below.

Each of the lead-free conductive paste compositions 1n the
examples and comparative examples was screen printed onto
a 156 mmx156 mm poly-silicon water coated with silver
paste on the front side and the back side, followed by drying
at 200° C. and firing so as to form a water back electrode on
the poly-silicon wafer. The thickness of the bare water was
180 um. The finng temperature was 850° C. 1n Example 1 and
Comparative Example 1, and was 800° C. in Example 2 and
Comparative Example 2.

In the test water sample A, the photoelectric conversion
eificiency was 16.16%, the open-circuit voltage was 622 mV,
the short circuit current was 8.23 A, and the fill factor was
76.8%. In the test waler sample B, the photoelectric conver-
s10n efliciency was 16.02%, the open-circuit voltage was 619
mYV, the short circuit current was 8.24 A, and the fill factor was
76.5%. The test water samples A and B containing the back
clectrodes made from the conductive paste compositions of
the present invention passed the quality control tests.

Bowing phenomenon in each of the test water samples A to
D was observed. The data 1s shown 1n Table 1.
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Test wafer sample A B C D

Bowing (mm) 1.39 1.01 1.98 1.65

As shown in Table 1, the bowing phenomenon in test water
sample A was reduced by about 30% as compared with test
waler sample C, and the bowing phenomenon in test waier
sample B was reduced by about 39% as compared with test
waler sample D. The results reveal that the silumin powder
contained 1n the lead-free conductive paste composition of
the present mvention can be used to effectively reduce the
bowing phenomenon in the test water samples.

The lead-free conductive paste composition of the inven-
tion 1s entirely free of lead and no environmental 1ssues attrib-
uted to lead metal will occur. With the inclusion of the silumin
powder, the lead-free conductive paste composition of this
invention 1s able to reduce the bowing phenomenon of a solar
cell. The photoelectric conversion efficiency, the open-circuit
voltage, the short circuit current, and the fill factor of the
waler sample also meet the industrial requirements.

While the present invention has been described in connec-
tion with what are considered the most practical and preferred
embodiments, 1t 1s understood that this invention 1s not lim-
ited to the disclosed embodiments but i1s intended to cover
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various arrangements included within the spirit and scope of
the broadest interpretation and equivalent arrangements.

What 1s claimed 1s:

1. A lead-free conductive paste composition, wherein,
based on a total weight of said conductive paste composition,
said lead-1ree conductive paste composition comprises 2 to 4
wt % of silumin powder, 2 to 3 wt % of lead-free glass frits, 21
to 23 wt % of organic binder, 0.2 to 0.5 wt % of stearic acid
zinc, and the balance being aluminum powder.

2. The lead-free conductive paste composition of claim 1,
wherein, based on the total weight of said silumin powder,
said silumin powder comprises 12.6 to 99.9 wt % of silicon
and the balance being aluminum powder.

3. The lead-free conductive paste composition of claim 1,
wherein said lead-free glass trits comprise Al,O,, S10.,,, ZnO,
B,0O,, BaO, and B1,0O,.

4. The lead-free conductive paste composition of claim 1,
wherein, based on the total weight of said organic binder, said
organic binder comprises 1 to 4 wt % of polyvinyl butyral, 3
to 6 wt % of ethyl cellulose, 5 to 30 wt % of butyl carbitol, 20
to 45 wt % of butyl carbitol acetate, and the balance being
terpineol.

5. The lead-iree conductive paste composition of claim 1,
wherein said aluminum powder 1s spherical 1n shape.
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